Application of double resonance modulation technique is shown to greatly simplify the assign ment of hyperfine structure components even of weak rotational transitions.
Introduction
The rotational spectrum of 3-chloropyridine has been the topic of several investigations [1] [2] [3] . Only Brown and Matouskova [2] determined both chlorine and nitrogen quadrupole coupling constants. In the past two years, the rotational spectra of the related compounds 2-and 4-chloropyridine have been in vestigated in our group [4, 5] employing the high reso lution of microwave Fourier transform (MWFT) spec troscopy. The analysis clearly revealed substitutional effects reflected by the respective nuclear quadrupole coupling constants.
In the monohalopyridines, the "a"-principal inertia axis practically coincides with the carbon-halogen bond. For 3-chloropyridine, this leads to a relatively small value for the dipole moment component. Therefore, the spectrum is predominated by several bR-and bQ-subbranches. Only very few "a"-type tran sitions have been assigned so far, none of which could be split into the hyperfine structure components. It was a major topic of the present investigation, to employ microwave-microwave double resonance (MWFTDR) modulation to simplify or even make possible the analysis of relatively weak, but widely split low-J "6"-type transitions and, if possible, to detect and resolve "a"-type transitions.
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Experimental
Pure 3-chloropyridine is a stable, colourless liquid. The substance was purchased from Aldrich Chemie, Steinheim (chemical purity > 98%) and used without further treatment. The spectra were recorded at tem peratures of 220-250 K and pressures of 0.1-1 Pa (0.7-7.5 mTorr). Data acquisition time was 20ps/cycle in most cases, while 5-50 million experiment cycles were necessary to achieve reasonable signal-to-noise ratios. We used our MWFT-spectrometers in the sig nal frequency range from 5.3 to 18.0 GHz [6] [7] [8] (modi fied to allow for double resonance experiments) and our K-band MWFT-spectrometer (18.0-26.4 GHz) [9] . The transition frequencies were evaluated from the time domain signals using the least squares fit pro gram written by Haekel [10] . These frequencies are given in Table 1 .
Theoretical Aspects
The analysis is based on a first order perturba tion treatment employing the coupling scheme J + / (CI) = Fu F, + I (N) = F with J = molecular rotation angular momentum operator, / = nuclear spin operators, = intermediate, F = overall angular momentum operator. We used our programmes Q2SIM [11] and Q2FIT [12] . The coupling constants as well as the hypothetical unsplit line frequencies were fitted to reproduce the frequencies of the hyper-0932-0784 / 88 / 0' 00-669 $ 01.30/0. -Please order a reprint rather than making your own copy. Table 1 . Rotational transitions of 3-chloropyridine showing hyperfine structures. The frequencies of the unsplit lines were derived from the least-squares-fit. For all hyperfine components applies F' -F" = F[ -Fx = J' -J". Centre frequencies marked with asterisks were not used for the determination of the rotational constants. fine components. The centre frequencies were then used to refine the rotational constants in the rigid rotor approximation. The influences of nuclear qua drupole coupling tensor elements off-diagonal in the principal inertial axis system as well as spin-rotation coupling are neglected. The interpretation of the cou pling constants thus obtained follows the TownesDailey approach [13] . A compilation of the deter mined parameters is given in Table 2 Figure  2 a shows the "a"-type transition J, K _ , K + = 4,2, 3 -3,2,2 and a number of comparably strong perturbing lines. However, many of the low-7 transitions have one energy level in common with other transitions considerably higher in frequency, so that the double resonance modulation technique [14] is applicable. Al though this technique is inherently less sensitive, we were able to detect several weak "a"-type transitions showing hyperfine structures and unambigously as sign the hyperfine components. The Fig. lb and 2b show the double resonance effects: In Fig. 1 b, the transition J, K _ , K + = 4,2,2-3,1,3, jF± = 11/2-9/2 and 5/2-3/2 near 26006.0 MHz was pumped. In Fig. 2 b, the pump frequency was set to 23 634.0 MHz, were the transition J, , K + = 4,2,3-3,1,2 is ex pected. In this case, one of the overlaying lines is also slightly affected by the pump radiation resulting in a small residual peak. These spectra are given in the form of phase-corrected absorption spectra [15] . The phase correction parameters were adjusted in order to give symmetric line shapes for the lines of interest. This technique clearly shows the phase of the extrapeak (*), not perfectly suppressed by double resonance modulation, to be severely distorted, thus giving a dispersion-like line shape.
Discussion
In Table 3 , the nuclear quadrupole coupling con stants of 3-chloropyridine are compared to those of 2-and 4-chloropyridine, and chlorobenzene and py ridine, respectively. Because of the differing orien tation of the nitrogen bonds with respect to the prin cipal inertia axis systems, the xaa and xbb constants of nitrogen-14 are not directly comparable. However, the fact that the / C C (N) coupling constants of pyridine and 3-chloropyridine are equal within the error limits, indicates that in 3-chloropyridine there is no detectable effect due to chlorine substitution. This is in contrast to the results for 2-and 4-chloropyridine [4, 5] . With the assumption that the nitrogen nuclear quadrupole coupling tensors of pyridine and 3-chloropyridine differ only in orientation, the angle enclosed by the "z"-principal axis of the coupling ten sor and the "^''-principal inertia axis can be deter mined using [ 3-chloropyridine are in rough agreement with those of chlorobenzene [18] . Thus, it is confirmed that there is no noticable interaction between the nitrogen and chlorine nuclei via molecular orbitals. With the com mon assumption of 15% s-character (a2 = 0.15) of the carbon-chlorine bond [13] and the formula given in [5] , the ionic and the double bond character of this bond can be evaluated to ia = 20.9% and = 2.9%, respectively.
